We determined the prevalence, distribution and correlates of human papillomavirus (HPV) types in 386 mixed-income, sexually active women in Sã o Paulo, Brazil. Endocervical samples were tested for HPV DNA with L1 primers MY09 and MY11; negative and indeterminate samples were retested using GP 5þ/6þ consensus primers. HPV was detected in 35% of all women; high-risk/probable high-risk types in 20%; low-risk types in 7%; and an indeterminate type in 10%. Twenty-five HPV types were found overall: 17 ( probable) high-risk types and eight low-risk types. Approximately one-third (29%) of women with HPV infection were positive for type 16 or 18 and 36% were positive for types 6, 11, 16 or 18. The presence of ( probable) high-risk HPV was associated with younger age, more lifetime sex partners and abnormal vaginal flora. Additional studies mapping the distribution of HPV types worldwide are necessary to prepare for vaccination programmes and direct future vaccine development.
INTRODUCTION
Human papillomavirus (HPV) is estimated to cause 500,000 new cases of cervical cancer every year, with an estimated 260,000 deaths due to cervical cancer in 2005. 1 The World Health Organization estimates that 80% of cancers caused by HPV occur in developing countries. 1 In Brazil, cervical cancer is the second most common cancer among women, with 18,000 to 19,000 new cases annually. 2 Regional incidence varies from 18 to 24 per 100,000 women. 2 With the recent successes of the first HPV vaccine trials, 3 -5 there is renewed hope that vaccination efforts can stem cervical cancer where screening efforts have failed, particularly in low-resource settings where the burden of disease is greatest. Two HPV vaccines are currently being introduced in various countries: Gardasil (Merck & Co, Inc, Whitehouse Station, NJ, USA), which is approved by the United States Food and Drug Administration, and Cervarix (GlaxoSmithKline Biologicals, Rixensart, Belgium), which is approved in the USA, Brazil, Europe, Japan and Australia. Both include protection against HPV types 16 and 18, estimated to cause 70% of cervical cancers globally; 6 Gardasil also includes protection for types 6 and 11, responsible for 90% of genital warts. 5 Because the prevalence of HPV types differs by region, 7 investigators have conducted a series of pooled and meta-analyses to establish global and regional patterns of HPV distribution and distribution of associated clinical disease. 8 -10 Research has also been conducted in women without abnormal cytology or cervical cancer, 11, 12 including population-based samples from various South American countries. 11, 13, 14 These data can be used to estimate the proportion of the population who would be protected by the currently available HPV vaccines and to establish which HPV types are most prevalent across regions as pharmaceutical companies consider adding new types to vaccines in the pipeline.
As part of a study to test the acceptability and feasibility of home-and clinic-based self-sampling and self-testing for sexually transmitted infections (STIs), women in a mixed-income neighbourhood in central São Paulo, Brazil, underwent provider collection of an endocervical specimen. The specimens were tested and typed for HPV. We report on the prevalence, distribution and correlates of HPV in these women.
METHODS

Study recruitment and collection procedures
From April to November 2004, 818 women were recruited from the primary care clinic Centro de Saú de Escola Dr Alexandre Vranjac, Barra Funda, and from the clinic's catchment community to participate in a home-based STI screening study (see reference 15 for details). Eligibility criteria included being 18-40 years old, self-reporting literacy (to follow specimen collection and testing instructions) and lack of genital ulcers and/ or urgent gynaecological complaints at the time of recruitment. Eligible women who chose to participate underwent informed consent procedures, responded to a questionnaire, received STI/HIV risk reduction counselling and were randomized to a home collection (n ¼ 410) or a clinic-based specimen collection (n ¼ 408) group. Both groups self-collected vaginal swabs for polymerase chain reaction (PCR) testing of Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) using COBAS AMPLICOR CT NG PCR (Roche Molecular Diagnostics, Pleasanton, CA, USA) and Trichomonas vaginalis (TV) using an in-house PCR test adapted from a previously validated assay. 16 However, only women randomized to clinic-based screening underwent speculum exam, which included wet mount for detection of bacterial vaginosis (BV) and vaginal yeast, and clinician collection of an endocervical specimen for storage and future HPV testing. Women testing positive for high-risk HPV were invited to the clinic for counselling and follow-up.
We used the HPV classification proposed by Munoz et al. 7 supplemented by phylogenetic classification as indicated by de Villiers et al. 17 
Laboratory procedures
Endocervical samples were collected by trained auxiliary nurses using Dacron swabs, which were dry-transported in their original tubes to the study laboratory. The samples were washed in Roche STM-transport medium and stored at 270ºC until HPV detection and typing at the Retrovirology Laboratory, Escola Paulista de Medicina in São Paulo, Brazil.
DNA was isolated using the GFX TM Genomic Blood DNA Purification Kit (Amersham Biosciences, Piscataway, NJ, USA) according to the manufacturer's instructions. To determine whether samples yielded sufficient DNA, endocervical specimens were PCR-amplified using beta-globin genomic primers. 18 The PCR products were analysed by electrophoresis on a 2% agarose gel at 110 V for one hour at room temperature, followed by incubation in ethidium bromide, and visualized by transillumination. HPV screening was performed using MY09/ 11 primers and typing was performed by restriction fragment length polymorphism (RFLP), as previously described. 19 Typing results were interpreted by two independent experienced laboratory analysts. Samples that were negative by MY09/11 PCR or with indeterminate typing by RFLP were subjected to a nested PCR using primers GP5þ/6þ. 20 Amplified products were sequenced using the Big Dye Terminator Cycle Sequencing Ready Reaction Kit (ABI Prism w 3100 Genetic Analyser, Applied Biosystems, Inc, Foster City, CA, USA). Nucleotide sequences were edited by Sequencher software (Gene Code Corp., Ann Arbor, MI, USA), and DNA sequences were subjected to on-line BLAST analysis (http://0-www.ncbi. nlm.nih.gov.ilsprod.lib.neu.edu/BLAST/). The use of multiple PCR systems has been recommended to maximize HPV detection. 21, 22 Additionally, 6% of HPV-negative samples and 12% of HPV-positive samples were typed at the University of California, San Francisco, for external quality control. A crude DNA preparation was made from the cervical specimen, subjected to proteinase K lyses (Invitrogen Life Technologies, Carlsbad, CA, USA) and eluted in 25 mL TE. PCR was performed using MY09/MY11 consensus HPV L1 primers as well as primers for amplification of the human beta-globin as an indicator of specimen adequacy. 23 Following PCR, specimens were probed with a biotin-labelled HPV L1 consensus probe mixture. A separate membrane was probed with a biotinlabelled probe to the human beta-globin gene. Specimens were also typed by hybridizing to 29 different HPV types as well as 10 additional types together in a probe mixture.
Data analysis
All data were double-entered; analysis was performed using STATA version 8.2. 24 The distribution of HPV types in the population is presented by frequency and proportions. Association between sociodemographic characteristics, behavioural variables and clinical presentation by HPV status was assessed using x 2 statistics and the non-parametric test for trend across ordered groups.
RESULTS
HPV results were obtained for 386 women: 408 women were randomized to undergo endocervical swab collection, 14 (3%) did not present to the clinic to provide a sample, one sample could not be found in the laboratory and seven samples (,2%) were negative for beta-globin. External quality control procedures demonstrated 81% agreement with respect to the presence or absence of HPV, similar to inter-laboratory agreement reported previously, 25 and 80% agreement with respect to typing.
HPV was detected in 135 participants (35%): 78 women (20%) tested positive for at least one high-risk type, 25 women (6.5%) for at least one low-risk type, with six women (2%) testing positive for both low-and high-risk types, and HPV type could not be determined in 38 women (10%) ( Table 1 ). More than one type of HPV was detected in 13 of 135 women positive for HPV (10%). A total of 25 HPV types were identified, including 17 classified as ( probable) high risk and eight as low risk. Every multiple infection included at least one high-risk type. The most common high-risk types identified were 16, 18, 31, 53, 58, 33 and 35, with types 16 and 18 comprising 17% and 13% of the HPV-positive samples, respectively. The most common low-risk types were 11, 61, 54 and 6. Ten percent of all participants had either type 16 or 18, and 12% had type 6, 11, 16 or 18, the types included in the quadrivalent vaccine. Of women with HPV, 39 (29%) had type 16 or 18 (2 women were positive for both 16 and 18), 7% had type 6 or 11, and 35.6% had any of the four types covered by the quadrivalent vaccine.
Median age, education level and number of lifetime partners for the overall sample were 27 years, 10 years and three partners, respectively, making this sample slightly more educated than the female adult population of São Paulo (Table 2) . 26 Just over 12% of participants were diagnosed with chlamydia, gonorrhoea or trichomonas, and 54% with bacterial vaginosis or vaginal yeast at the time of sample collection. Younger age, more lifetime partners and the presence of abnormal vaginal flora (defined as BV or yeast) were associated with testing positive for high-risk HPV ( Table 2) . All three variables remained significant in a multivariable model for having highrisk HPV (data not shown). Analysis of correlates of specific HPV types had limited statistical power, but demonstrated a possible trend for younger age being associated with types 31 (P ¼ 0.04) and 11 (P ¼ 0.1) but not with the most prevalent types 16 and 18 (P ¼ 0.24 combined).
Cytology results were available for 218 women with HPV test results, of which 209 cytology results were normal, six women had ASCUS/AGUS (atypical squamous cells/atypical glandular cells of undetermined significance) and three had LSIL (lowgrade squamous intraepithelial lesion) ( Table 3) . Women with high-risk HPV types were significantly more likely to present with abnormal cytology than those with no or low-risk HPV (Table 3) . However, only 12% of women with a high-risk type and 8% of women with any HPV type presented with abnormal cytology. Of 209 women with normal cytology, 73 (35%) were positive for HPV and 38 (18%) were positive for a high-risk type. Only three of nine women with abnormal cytology had an HPV type that is included in the currently available vaccines.
DISCUSSION
About a third of women (35%) in this population from central São Paulo, Brazil, had at least one HPV type. Twenty-five types of HPV were identified, including 17 classified as high or probable high risk and eight as low risk. The most common high-risk types identified were 16, 18, 31, 53, 58, 33 and 35, and the most common low-risk types were 11, 61, 54 and 6. These results are comparable to findings from other large studies in Latin America. 27, 28 In the Latin American Screening Study (LAMS), HPV prevalence among women aged 40 and under in São Paulo was estimated at 19.7%. 27 When we restrict our analysis to the same 13 HPV types that were investigated using Hybrid Capture II in the LAMS study, our prevalence was 16.3%. A study among women presenting for routine gynaecological care at clinics in five Brazilian cities, with testing for the same HPV types as in our study, found an HPV prevalence of 38% among 15-25-year-olds, 28 which is comparable to the 41% prevalence in our 18-24-year-old group. Our prevalence estimate is higher than in some studies among Brazilian women; 13, 29, 30 however, these studies included women over 40 and more limited diagnostic tests.
The bulk of HPV type distribution research, including that conducted in Brazil, has been implemented in populations with cervical cancer or abnormal cytology, priority populations in determining the types for inclusion in vaccines. Pooled analyses and meta-analyses carried out by IARC investigators and colleagues have demonstrated that world patterns match regional HPV type distribution, with a few exceptions. A meta-analysis of HPV in cases of cervical cancer and high-grade squamous intraepithelial lesions (HSIL) worldwide demonstrated that the 10 most common HPV types in women with cervical cancer in South America were 16, 18, 31, 45, 52, 33, 35, 39, 58 and 59, and in women with HSIL types 16, 58, 18, 51, 6, 31, 33, 11, 45 and 35. 10 All these types, with the exception of 51 and 59, were found in our study population of Brazilian women without cervical cancer or HSIL. A pooled analysis of HPV types in women with cervical cancer from 25 countries found 30 types, of which 16, 18, 31, 45, 33, 35, 52 and 58 were the eight most common in Central and South America. 9 Type 53 (type 53 appears to be unassociated with cancer, but is found in LSIL and HSIL; 8 type 53 was classified as low risk in the five-city Brazilian study 28 ) was common in our study and in other studies with cytologically normal samples, 11 but not in either the meta-analysis or the pooled analysis of cervical cancer and HSIL. The five-city study among healthy women in Brazil found that the most prevalent oncogenic types from São Paulo included 16, 31, 52, 66, 58, 18, 51, 56, 53 and 35. 28 These high-risk types were also common in our study, with the exception of 51 and 56.
There is some evidence that HPV types 31 and 39 are more prevalent, and type 18 less prevalent, in South/Central America than in other continents, 9 making the estimated HPV 16/18-positive fraction in cervical cancer lower in South/Central America than in other regions. 8, 9 In our population of women without cervical cancer or HSIL, 29% of participants with HPV (10% of all women) had HPV type 16 or 18 ( preventable by both vaccines), and 35.6% of those with HPV (12.4% of all women) had HPV type 6, 11, 16 or 18 ( preventable by the quadrivalent vaccine). There is evidence that both vaccines provide some cross-infection against HSIL caused by other HPV types, including HPV 31, which is common in South America and in our sample; as a result vaccine coverage may be underestimated. 31 In our study, both younger age and having more lifetime partners were associated with testing positive for HPV and for having an oncogenic HPV type, findings that are consistent with Brazilian literature 28, 29 and international literature. 32 -34 The presence of abnormal vaginal flora (BV or yeast) was also associated with HPV. This association has been reported in the literature, 35, 36 though not consistently, 37 and directionality remains unclear, meriting further research.
Our study is clinic-based, which may limit its generalizability. However, over 30% of participants were recruited outside of the clinic environment and, among those recruited from within the clinic population, only 10% presented at the clinic for a gynaecological health concern; none of whom were seeking care related to HPV. Anyone requiring urgent care was excluded from the study. We were unable to type 38 samples (28% of HPV-positive samples) in this study. While this figure is comparable to the proportion of uncharacterized HPV types found among healthy subjects in studies with similar diagnostic methods, 7 the large number of indeterminate HPV types may lead to an underestimation of the prevalence of some HPV types in our population.
Given that the current HPV vaccines do not protect from all oncogenic types of HPV, vaccination cannot yet replace cervical cancer screening programmes and, therefore, may not be costeffective in countries where screening programmes have achieved high coverage and quality treatment is readily available. In developing countries where cervical cancer screening and treatment programmes are non-existent, have low coverage or are of poor quality, HPV vaccination programmes may provide the best opportunity to prevent mortality due to cervical cancer. However, cost-effectiveness will depend to a large extent on the length of vaccine efficacy, currently evaluated for only up to five years. 38 Both cost and the logistical difficulties of implementing a delivery structure for a three-dose vaccination schedule are major barriers to HPV vaccine implementation. One study concluded that vaccination in Brazil is cost-effective; 39 however, HPV vaccines are currently only available in private clinics and have not yet been included in Brazil's national immunization programme because of the need for continued cytology screening, the cost of vaccination (approximately US$300, 39 although prices may fall substantially when negotiated for the public sector) and logistical challenges of implementation in a large and diverse country where universal coverage must be guaranteed prior to implementation.
In the longer term, current vaccines could be expanded to include additional high-risk HPV types, thereby potentially reducing the need for continued cervical cancer screening. The distribution of HPV types varies by region, and this should be taken into account by vaccine developers. Meanwhile, surveillance of HPV types around the world should continue in populations with and without cytological abnormalities. 12 
